The parasitism by Ascaris lumbricoides tends to affect the course of human infection with Schistosoma mansoni on several levels. At least two aspects were addressed in this communication: (1) the influence of the immune response with complementactivating antibody functions (cytotoxic antibody against schistosomula) and (2) the interference between these species of helminths indicated by analyses carried out after the rearrangement of data from seven prevalence surveys from the literature to illustrate our purpose. In fact, the approach focusing on these seven authors' contributions has not been previously submitted considering the associations between S. mansoni and A. lumbricoides infections. Present findings suggest that the occurrence of A. lumbricoides infection affects both the development of cytotoxic antibodies against schistosomula and the prevalence of S. mansoni infection that features a negative association. Key Words:Schistosoma mansoni. Ascaris lumbricoides. Cytotoxic antibody. Prevalence.
INTRODUCTION
The co-existence of Schistosoma mansoni and hookworm helminths in human beings has been investigated [1] [2] [3] [4] [5] [6] . These concomitant infections raise the possibility that one species may influence the transmission pattern or disease features of the other. Moreover, there is accumulating evidence that human hookworm infection concurrent with S. mansoni is functionally promiscuous at least at three levels of considerable importance: physiological and immunological [7] [8] [9] and parasitological [10] [11] [12] . So far, only a few studies on the association between Ascaris lumbricoides and S. mansoni infections in humans beings have been reported 4, 7, 13, 14, 15 . These studies are restricted to skin anaphylactic antibody effector functions, to complement-fixing anti-adult worm antibodies for serological diagnosis of schistosomiasis 16 , intensity of S. mansoni infections and the correlation between S. mansoni infection and altered immune responses to A. lumbricoides and hookworm. Here, we extend this investigation to examine a possible association of S. mansoni and A. lumbricoides. Titers of cytotoxic antibody admittedly related to antibody-complement-mediated schistosomula killing were examined in individuals concomitantly harbouring S. mansoni and A. lumbricoides, and it was also investigated whether the prevalence of Ascaris remained the same while the prevalence of S. mansoni infection increased.
MATERIAL AND METHODS
Population A total of 34 individuals passing S. mansoni eggs in the stools, as detected by the sedimentation method (taking into consideration the presence of geohelminths), was randomly selected from a public ambulatory clinic at metropolitan region of Belo Horizonte, Minas Gerais, with permission of the state health Agency (Secretaria Estadual de Saúde de Minas Gerais). In addition, prior the enrolment in the study, informed consent was obtained for all adult volunteers or parent/guardian of each child selected for the study according to official regulations. These individuals received a single oral dose of Oxamniquine (15 mg/kg) and/or mebendazole (100 mg twice a day for 3 consecutive days) according to parasite identified in parasitological test. The schistosome infected subjects were followed up monthly after treatment, but only 14 were followed until the end of the serological investigations. They were aged 9-48 years (mean 24.4). Two groups were assembled depending to either the presence or absence of eggs of Ascaris lumbricoides in faeces.
Evaluation of cytotoxic antibody titre
To determine the cytotoxic antibody titre, serial two-fold dilutions of the serum were prepared. Samples were tested in duplicate and the results were averaged. It is noteworthy that previous results on cytotoxicity assay of antibody against S. mansoni schistosomula were already presented in Master's dissertation of Erichsen 17 . For the serum lethal antibody assays, blood samples were taken from subjects above mentioned that return to be re-examined. It was demonstrated that the titration to an end point of 50% dead schistosomula had an advantage over conventional titration. Briefly, 200-250 fresh schistosomula in 100 µL NCTC-135 medium were treated for 30 min at 37 o C with 100 µL of an appropriate dilution of heat-inactivated sera (first dilution = 1:4) obtained from individuals with chronic S. mansoni infection. After these manipulations, the organisms were washed and resuspended in 240 µL of solution, and 10 µL of a 1:2 dilution of pooled guinea pig serum (complement source) were added to each tube. The mixture was incubated at 37 o C for 16-18 h in a 5% CO 2 humid atmosphere. The control consisted of heatinactivated (56 o C, 30 min) complement source, a mixture in which schistosomula had been treated with heated normal sera or schistosomula coated with antibodies and incubating them in NCTC-135 medium only. The percentage of dead schistosomula in the control mixture was less than 15%. To determine the cytotoxic antibody titre, serial two-fold dilutions of the serum were prepared. Samples were tested in duplicate and the results were averaged. Thus, in the present study, instead of the conventional titration, a titration to an end point of 50% dead schistosomula was used, and the end point is where the titration ends in practice. The aim of this titration is to measure the antibody cytotoxicity in serum and to express this as a titre. In fact, a graph (not shown) has already been made by plotting the serum dilution along the horizontal axis and the percent dead schistosomula along the vertical axis. This procedure produced a sigmoid curve and, from the point at which the curve intercepted the 50 percent level of dead schistosomula, a line was dropped to the horizontal axis. This method gave the 50 percent end point in terms of serum dilution and became possible to compare results of different titrations.
Search on publications concerning the co-infection with S. mansoni and A. lumbricoides at epidemiologic level A bibliographic survey was conducted by means of investigation in several online databases. From 170 published prevalence surveys undertaken among populations in Brazil, Yemen and Africa, only 7 out of 170 publications 10, 18, 19, 20, 21, 22, 23 which considered different ecological settings and socio-cultural patterns, all age groups and gender were elected for the present analysis. The rearrangement of the data contained in the selected papers (excepted Hiatt's study 22 ) enabled the preparation of tables that show in three different ways the link between the prevalences of S. mansoni and A. lumbricoides. No S. haematobium infection was detected in the communities considered.
Statistical analysis
The sign of differences of the cytotoxic antibody titre is designed so that plus (+) and minus (-) signs in after-before studies are used to denote change in magnitude, to indicate "gain" or "loss" because changes were seen in either direction.
An arithmetic mean was used for separating higher half number of a prevalence of S. mansoni distribution, from the lower half, where the mean of a list of numbers could be found by arranging all observations from lowest to highest value with respect to one variable (S. mansoni) and picking the middle one. Afterward, corresponding values of other variables (Ascaris) were recorded and compared. Ordered prevalences of S. mansoni infections are presented with the corresponding prevalences of A. lumbricoides infection. From these sequences, it was determined if the number of Ascaris cases did or did not remain the same while the prevalence of S. mansoni infection progressed. Also, rank transformation of original data (prevalence of A. lumbricoides and S. mansoni infections) for analysis was applied because exact numerical measurements are not available. When consider forming pairs of observations a pair of observations is concordant if the subject who is higher on one variable also is higher on the other variable. Otherwise a pair of observations is discordant if the subject who is higher on one variable is lower on the other variable. When a Table is used combining two types of association (negative/positive), concordant/discordant methods provide alternative methods for assessing the strength of the tendency of two variables, namely S. mansoni and Ascaris, to move in the same (opposite) direction. The concordance (negative association) and discordance (positive association) measures this tendency in a direct way. Recall that any of the chosen method not measure strength of relationship.
RESULTS
First, titters of complement-dependent cytotoxic antibodies against S. mansoni schistosomula were investigated. The changes in cytotoxic antibody before or ³5 months after treatment with anti-schistosomal and/or anti-geohelminth drugs are shown in Table 1 . Eggs of S. mansoni were found after treatment in only two individuals and of A. lumbricoides, Strongyloides stercoralis, Trichuris trichiura and Hymenolepis nana in one case each, and cysts of Entamoeba coli were found in 2 cases and of Giardia duodenalis in 1 case).
Herein, in the presence of A. lumbricoides, the gain of antibody activity was more frequent after treatment for S. mansoni because 6 out of 7 cases showed increased gain in antibody activity when there was co-infection with A. lumbricoides, while only 1 out of 7 cases showed increased gain in activity in the absence of this nematode. However, looking at the geometric mean antibody activity titre, before group A drug regime in which A. lumbricoides is absent, there was a higher cytotoxic antibody titre in comparison to those infected with S. mansoni plus A. lumbricoides or group B (92.8 vs 59.1). The titre of the serum cytotoxicity was affected by the presence of A. lumbricoides.
The investigation to examine a possible association between S. mansoni and Ascaris was extended to epidemiological view point from laboratory findings. Then, we intend to evaluate if changes in prevalence of S. mansoni infection tend to be influenced by co-infection with A. lumbricoides. To assess the prevalence investigations, we present seven data sets from the literature to illustrate our purpose Hiatt 22 had recorded in his Table 3 that while Twawuzgi, an Ethiopian village, had a prevalence of 43.3% for S. mansoni and 35.4% for A. lumbricoides cases, Gurumba village had a low prevalence (14%) of blood flukes but an increased proportion of roundworms of 84.7%. In short, in this location, the highest prevalence of A. lumbricoides infection is seen associated with the lowest prevalence of S. mansoni infection. These results are corroborated by Chunge and co-works 21 who reported that while the Miu community (Kenya) had an estimated lower prevalence of schistosomiasis mansoni compared to the Kitinger community (21.6% vs 26.2%), the prevalence of A. lumbricoides was in the opposite direction (2.5% vs 1.1%).
These results are corroborated by six examples that contain rearrangement of published material to investigate if the prevalence of A. lumbricoides remained the same while the prevalence of schistosomiasis progressed.
Alemayehu and colleagues 18 data were collected from inhabitants of 28 microdam regions in Ethiopia (Table 2) with at least one case of blood flukes or A. lumbricoides infections (n = 1429). The arithmetic mean of A. lumbricoides infection in the first half of the ordered sequence of S. mansoni values is 4.3 (Table 2a ) and in the second it is lower or 2.3 (Table 2b ). It is suggested that proportions of A. lumbricoides infections decreased while the prevalence of S. mansoni progressed. It should be noted that the number 31 (Table 2a ) may be an outlier in the data of prevalence of A. lumbricoides, and that can affect the magnitude of the difference. However, once more, there is some evidence of a negative association between prevalence of S. mansoni and A. lumbricoides infections.
Furthermore, age was taken into consideration to investigate this possible negative association between species of helminths in Americaninhas (17° 8' S, 41° 12' W), a Brazilian rural area in Minas Gerais, it was verified after rearranging data from Fleming and colleagues 10 and using ranks transformation of original data ( Table  3 ) that the rank sum (for prevalence) in S. mansoni infection cases at left of the middle sequence of age group was 16, and in A. lumbricoides cases it was 30. At right of the middle sequence, the rank sum for S. mansoni was numerically enlarged to 22, and the rank sum of A. lumbricoides was reduced to 10, thus suggesting a negative association between percentage of infections with A. lumbricoides and infections with S. mansoni.
For rearranged data from Chunge and co-works 21 , two communities in Kenya are compared according to age groups (Table 4 ). In the Miu community, in the first age group (0-5), for instance, the prevalence value in A. lumbricoides cases was 1.5 and 2.9 in schistosomiasis cases, while in the Kitinger community the prevalence of roundworm was reduced to 0.9 and the proportion of schistosomiasis was increased to 7.8, thus suggesting a negative association between percentage of infections with A. lumbricoides and infections with S. mansoni (concordant pair). Discordant pairs were seen only in the 11-15 and >50 age groups. All together, concordant pairs are 5 out of 7 (71.4%) age groups.
For rearranged data from Mamo and co-works 23 , again starting with the Ethiopian first age group (Table  5) , the 0-4 age group showed a prevalence value for A. lumbricoides infection of 41.9% and for schistosomiasis 38%. In the 5-9 age group where A. lumbricoides was increased to 56.6%, the proportion of schistosomiasis was reduced to 0.31%. When compared with their predecessor, this suggests a concordant pair, that is, a negative association between percentage of infections with A. lumbricoides and infections with S. mansoni. Discordant pairs were seen only in the 20-24 and 30-34 age groups, where the proportion of Ascaris was reduced when compared with their predecessor, but the b Ranks. c Middle of ordered sequence of age group (age ranged 0-5 and was obtained by extrapolation). Rank sum for Ascaris infection at left of the middle sequence value is 30 and at right is lower or 10, and in the same order for S. mansoni infection it is 16 and 22. Total individuals=1332. Table 3 -Rearranged data from Fleming and colleagues 10 : according to prevalence of Ascaris infection target, prevalence of S. mansoni infections was assigned by ranks proportion of schistosomiasis was not increased. All together, concordant pairs are 10 out of 13 (or 76.9%). Identical analysis was performed with Birrie and colleagues 19 data with 75% concordant pairs (Table 6 ). Finally, the prevalence, percentage of heavily infected or mean egg count from children categorized by sex 20 are rearranged and summarized in Table 7 . For S. mansoni data the percentages of infected, heavily infected and mean egg count were greater in males than females. Although we did not observe a clear-cut numerical difference in prevalence of ascariasis by sex (males=42.1; females=41.6), in schistosomiasis there was a consistent decrease in heavily infected and mean egg counts from males to females. Total individuals: males=943; females=795. 
DISCUSSION
The main purpose of this study was to investigate a possible interference between S. mansoni and A.
lumbricoides infections. The occurrence of Ascaris and S. mansoni interaction is very remarkable, because this blood fluke and roundworm do not have the same habitat and biotic environmental requirements. In addition, Ascaris is independent of water sources for transmission while water contact is one of the most important epidemiological factors in Schistosoma infection. However, both juvenile-stage worms undergo a tissuemigratory phase involving the liver and lungs and show distinct mechanisms that induce an inflammatory reaction into the host. We present evidence that Ascaris infections influence the levels of complement-dependent antibody killing of schistosomula, inducible in human schistosomiasis over two follow-up periods. Thus, the effect of drug administration on antibody cytotoxicity is confounded by the presence of A. lumbricoides, and this may be important because S. mansoni schistosomula are the first stage in vivo, and therefore, they are an important target for immunological control in which complement and antibodies act synergistically in killing these larvae. At least in part, this result is supported by the finding that the eosinophil-dependent cytotoxicity against schistosomula was enhanced after treatment in some individuals 24 and that in praziquantel-treated chronic schistosomotic individuals the complementactivating antibody response to larval antigens was high by three months after treatment 25 . The participation of products released from S. mansoni in infected humans has been reported using antibody to kill schistosomula in the presence of eosinophils and complement 26 . Altogether, the gain in cytotoxic antibody activity is intriguing and suggestive of a potential interference of A. lumbricoides infection. However, the co-infected individuals could differ from those infected with S. mansoni alone in other ways that might influence immune response (age, sex, host behaviour, parasite acquisition, etc) 27, 28 . Although the sample size is small to make definitive conclusion regarding immunological processes and the characterization of the subjects should be ameliorated to be used in-vitro killing assay, this present observation also might contribute to the combination of laboratory studies with epidemiologic studies.
In fact, an inverse association between S. mansoni infection and A. lumbricoides infection was observed, since the prevalence of schistosomiasis tends to decrease with an increased prevalence of ascariasis. So in this study whose approaches range so widely, is necessary an attempt to convince by the weight and variety of evidence because the observed differences might be due to some confounding effect and not host parasite interaction.
Note that in this preliminary communication an analysis based on statistical significance tests was not presented. Even if a test is not significant, the result could be important for health purposes 29 . It is important to concentrate on epidemiological concepts because they may have a public health impact instead focusing only on the mean prevalence not being different between groups. Indeed, in the present study, we are not just interested in determining if significant difference between the mean prevalences occurred. Therefore, we believe that the present results could be helpful. Given that the present data were obtained from surveys in some "hidden" published data, the findings need to be confirmed by a well-designed randomised controlled trial before definite conclusions can be made about the effects of A. lumbricoides in the environment on the prevalence of S. mansoni. The prevalence of schistosomiasis might be confounded by the presence of A. lumbricoides, and this raises the possibility that one species may influence the transmission patterns or disease features caused by another 4 . Factors accounting for the present observations are unknown. Present findings are in agreement with the hypothesis of negative association between the prevalence of S. mansoni and A. lumbricoides. Besides, it is possible that suitable conditions for transmission of both parasites do not exist in all communities since biogeographical areas varied considerably 11, 30 .
In conclusion, investigating the association between S. mansoni and A. lumbricoides and relating them with complement-activating antibodies and with prevalence of infectious agents could be essential in the understanding of parasite infections and in the formulation of epidemiological models that can maximize the efficacy of control measures.
